Abstract
Introduction
The topic of ubiquitous computing began a full exploration of all the possibilities in every research aspect in last twenty years. This paper is applying bibliometric methodology toward onto a historical review and trend analysis of literature productivity. To get better understanding about the quantitative aspects of recorded information such as research authors, institutions, languages and subjects, it is proceeding by Bradford's law on cumulative numbers of literature versus journal ranking between 1993 and 2009 to perform Bradford's plot distribution analysis.
The objectives of this research are: 1) To explore the growth of ubiquitous computing literature published.
2) To determine the core source titles which contain a substantial portion of publication literatures in research aspect of ubiquitous computing? 3) To find the literature productivity distribution of author affiliation on this subject. 4) To identify the major contributing countries that published the most literatures in research aspect of ubiquitous computing. 5) To find the dispersion of kinds of language and document types of the literature on ubiquitous computing. 6) To reveal the characteristic of citation for the ubiquitous computing literature. Ubiquitous computing is a post-desktop model of human-computer interaction in which information processing has been thoroughly integrated into everyday objects and activities. In the course of ordinary activities, someone "using" ubiquitous computing engages many computational devices and systems simultaneously, and may not necessarily even be aware that they are doing so. This model is usually considered the advancement from the desktop paradigm.
Methodology
This research utilized the Ei Compendex (another named as Engineering Village 2; EV2) which supported by Elsevier Engineering Information, USA. Elsevier Engineering Information is the leader in providing online information, knowledge, and support of the highest professional relevance for research and industrial practitioners in applied physical sciences and engineering. Elsevier Engineering Information offers an array of products and services for universities, corporations and government organizations, including: Engineering Village ™, EnCompass™, Compendex®, The Engineering Index® , Chemical Business NewsBase®, Chimica™ and PaperChem™.
Engineering Village is a Web-based information service that offers a widespread range of quality resources for information specialists, professionals, and news and information, the database is updated daily. The Ei database can not only search the database from the general way through the subject, title and author then to find the information, the most important features are through the author cited in the references, patents and so on, as what search terms to be found by the authors quoted in a certain specific articles or books, patent information. Cited reference searching is an unique tool can also be applied: to find who cited an article to be written a new paper published, which means that the findings of this article is affecting the younger research direction; ancestors based on the study path of evolution as a research guidelines; understanding of the situation and so on peer research.
For the present research the time span of the Ei available is from 1993 through 2009. Each record at the Ei database contains an English language title and descriptive abstract, together with full bibliographic information. The bibliographic information includes the periodicals or other publication title, the author's name, affiliation/institution, country, document type, language and so on.
Research finding and Discussion
The result is total 929 indexes of literature retrieved which titles are selected as "ubiquitous computing" from 1993 through 2009 as well as a primary parameter for literature production analysis, shown as Figure 1 . The other analyzed parameters for this research which include country, document type, language, publication year, author, author affiliation source title and classification code. The abstract of literature, number of times cited, and reprint author's address are also acquired for bibliometric analysis and historical review. Table 1 .
Ubiquitous computing historical analysis
In Ei database, it observed that conference articles comprise as the majority published document type on ubiquitous computing, refer to Table 2 . The major distribution of language segmentation, it indicated English is the most popular language for article publication, display as Table 3 . Table 4 completely lists the distribution of publication by country and territory. The Republic of Korea (185; 19.91%) is the champion, and following by USA (112; 12.06%), Japan (99; 10.66%), China (81; 8.72%), Germany (55; 5.92%), United Kingdom (52; 5.60%), Canada (22; 2.37%), France (21; 2.26%), Spain (20; 2.15%) and Greece (19; 2.05%) are the top 10 countries which published the most articles of ubiquitous computing in last sixteen years.
Distribution by country/territory and author affiliation
Listing publication comprehensively by the author affiliation, Table 5 indicates National Institute of Informatics (Japan; 17; 1.83%) tops the ranking, and following with Sungkyunkwan University (Korea; 15; 1.61%), Korea University (Korea; 9; 0.97%), , Shanghai Jiao Tong University (China; 8; 0.86%), Zhejiang University (China; 8; 0.86%), Kyung Hee University (Korea; 7; 0.75%), Soongsil University (Korea; 7; 0.75%), Soongsil University (Korea; 6; 0.65%), Yonsei University (Korea; 6; 0.65%) and Kwangwoon University (Korea; 6; 0.65%) are the top 10 author institutions in the publications of ubiquitous computing research. Based on the above information, it infers that the current research of ubiquitous computing has been reached in the fast growing stage, the majority of publication outputs are in North America, UK, European countries. Republic of Korea, Japan, China, Taiwan, and Hong Kong are the top 5 ranking countries in Asia. The subject of ubiquitous computing has been research highly research growth since 2000. It is to strengthen the association of communication network which accelerated by the popularization of wireless telecommunication infrastructure. The subject of ubiquitous computing has also become the most popular research topic in the world.
Distribution by source title

Distribution by subject category
The Productivity Analysis of Literatures of Ubiquitous computing by Bradford's Law
This section is mainly discussing the distribution situation of literature productivity of author which certificated by Bradford's Law. Table 8 lists that the distribution of top 30 author's contribution. The top 5 authors are particularly listing as Lee, Young Koo (Korea; 11), Kim, Shin Dug (Korea; 10), Kurumatani, Koichi (Japan; 9), Satoh, Ichiro (Japan; 9), Sashima, Akio (Japan; 8) and Izumi, Noriaki (Japan; 8). Meanwhile, it also calculates the cumulative literatures retrieved by the source titles in Ei database. Refer to Generally, Bradford revealed a pattern of how literature in a subject is distributed in source titles. "If scientific journals are arranged in order of decreasing productivity of articles on a given subject, they may be divided into a nucleus of periodicals more particularly devoted to the subject and several other groups of zones containing the same number of articles as the nucleus" (Turnbull, 2005; Drott, 1981 ). Bradford's Formula makes it possible to estimate how many of the most productive sources would yield any specified fraction p of the total number of items. The formula is: R(n) =3D N log n/s (1 ≦ n ≦ N) Where R(n) is the cumulative total of items contributed by the sources of rank 1 to n, N is the total number of contributing sources, And s is a constant characteristic of the literature. We then can describe that: R(N) =3D N log N/s is the total number of items contributed by sources.
Over time, this is also a measure of the rate of obsolescence by distinguishing between the usages of the levels of items. Essentially, this is a method of clustering. For this paper, 23 journals have 380 articles, the next 37 journals have 123 articles, and the last 426 journals have 426 articles. We roughly get three groupings of these articles. Bradford noticed this consistent number of titles it takes to contribute to each third of the articles.
Bradford discovered this regularity of calculating the number of titles in each of the three groups: 9 titles, 9x5 titles, 9x5x5 titles. Drott suggests that we can apply this widely, as long as we account for sample sizes, area of (journal) specialization and journal policies (Turnbull, 2005; Drott,1981) .
B.C. Brookes takes Bradford one step further pointing out that he is correct if we have a finite (manageable, relevant) number of journals. Editorial selection and publishing costs currently determine much of the structure and content amount of most publications. Brookes' point may be more relevant when analyzing the expanding, multi-relational World Wide Web. Will these ratios hold, change or not apply at all? With a deluge of information, we may find the limits to this law.
Volume and homogeneity may work against us. More positively, we may discover that there is a dropoff point where Bradford's Law at least applies for some period. This means that for resource pressures, there is a drop-off point. We can examine this again by time, to see that citations originally counted year by year can be expressed as the geometric sequence: N, Na, Na 2 , Na 3, Na 4 , ..., Na
where R is the presumed number of citations during the first year (some which could not immediately be referenced in publication), but as a<1, the sum of the sequence converges to the finite limit R/(1-a). Again, here we see how Web documents might be impacted by thinking about what constitutes a "Web year".
Conclusion
Ubiquitous computing is one of fast growing discussion subjects in recent years, this historical review and trend analysis of this research field were determined by each kind of literature characteristic and author productivity distribution is getting into the highly mature period, it infers that the production of present ubiquitous computing literatures is still continually to grow. The result of this research will help researchers to obtain the future research trend and the constitution of the different research domains on ubiquitous computing.
The main research development facility with contributed the large production is Republic of Korea, but USA, Germany, United Kingdom, and some Asia countries such as Japan, China, Taiwan, and Hong Kong, these non-US individual authors literature contributed actually are also very popular.
The cumulative number of literatures does follow by Bradford's Law, which means the literature production is not only a widespread but also dominated by a minority of periodicals. The applications of ubiquitous computing mainly follow by research aspects which in term of computer applications, ergonomics and human factors engineering, telecommunication; radar, radio and television, digital computers and systems, computer programming, data communication, equipment and techniques, computer peripheral equipment, computer systems and equipment and data processing and image processing. The literatures of ubiquitous computing are usually generated by single authorship.
